Enzyme assays for 4-methylumbelliferyl-fi-D-galactopyranosidase and 4-methylumbelliferyl-,-D-glucuronidase activities were used for rapid detection (25 min) of fecal water pollution and to determine the impact of sewage discharge in coastal waters. Two coastal areas were investigated: (i) an estuary characterized by a high degree of contamination downstream of a discharge from a sewage treatment plant and a low degree of water renewal and (ii) a ijord with a low degree of pollution and a high degree of water renewal. Statistical analysis showed that a global correlation curve could be used to estimate concentrations of culturable fecal coliform bacteria in the two coastal areas, although environmental factors important for cell physiology (e.g., salinity) varied at different sampling locations. The sensitivity limit for detection of 4-methylumbelliferyl-Ip-Dglucuronidase activity corresponded to bacterial concentrations on the order of 10 to 100 CFU/100 ml. The 4-methylumbelliferyl-,-D-galactopyranosidase assay was less sensitive because of a higher rate of substrate autohydrolysis. The detection limit corresponded to bacterial concentrations on the order of 100 to 1,000 fecal coliforms per 100 ml.
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Coastal waters are often used for multiple purposes, i.e., as recipients for wastewaters, for recreation, and for aquaculture. Discharges of sewage effluents have a negative impact on the coastal environment and make it less attractive for recreation as well as for aquaculture, which is sensitive to the presence of pathogenic microorganisms and toxic compounds. Occasional pollution by effluents containing human pathogens may result in prohibition of the sale of shellfish and economic loss.
In these areas, water quality has to be monitored. Standard methods for assessing the hygienic quality of water, using either membrane filtration or most-probable-number techniques, require 24 to 72 h to complete. The elapsed time is too great to warn of substandard quality that may require immediate remedial measures. Fluorogenic methylumbelliferyl (MU) substrates have been used for the last 20 years in bacterial diagnostics for detection of coliform bacteria by enzyme assays (2, 12, 16 ). 4-MU-1-Dgalactopyranoside (MUGal) and 4-MU-3-D-glucuronide (MUGlu) are hydrolyzed by the enzymes P3-D-galactosidase and 3-D-glucuronidase, present in coliform and fecal coliform (FC) bacteria, respectively. MU substrates have been used to detect sewage contamination in fresh water (3, 6, 7, 20) as well as in marine waters (13, 21 (Fig. 3) , and leastsquares analysis was used to obtain the global slope and intercept. The same statistical procedure was applied to data sets for MUGluase versus FCs. The slope and intercept of the Morlaix and Bjugn fits were found to be the same when data from station 9, Morlaix, were included, and the data were therefore combined (Fig. 3) . However, without data from station 9, the two data sets appeared to obey different regression parameters (not shown). The logarithmic presentation of numbers of FCs versus MUGalase and MUGluase activities, respectively, for all locations of Morlaix and Bjugn (Fig. 3 ) demonstrated good linear correlations (correlation coefficients of r = 0.87 and r = 0.88 for MUGalase and MUGluase, respectively).
Enzyme activity will be a linear function of cell number (i.e., the enzyme activity per cell is constant) only when the slope of the linear logarithmic data curve is equal to 1. This was not the case in the present work, and it can be demonstrated by using regression line coefficients (Fig. 3) 
DISCUSSION
The bacteriological quality of drinking water has recently been investigated by several authors using kits for simultaneous detection of total and FC bacteria. The kits rely on enzymatic conversion of o-nitrophenyl-,3-galactopyranoside by coliform bacteria and MUGlu by FC bacteria in 24 h (6, 7, 9, 20) . Some studies have indicated that injured FCs in drinking water may be recovered to a lower degree with this technique than with standard methods (6) . Recently, other authors have found such kits to be useful for detection of E. coli exposed to chlorine in drinking water (8, 19) and for E. coli exposed to environmental stress in coastal water (21) .
We have investigated the use of MUGal and MUGlu in separate, rapid assays for detection of fecal pollution of coastal water. Because of their short assay time (25 min), the enzymatic methods described in the present work are candidate methods for early warning of sewage pollution of water. The investigations were carried out to study the impact of sewage discharge on bacteriological water quality and the use of rapid techniques for assessing bacteriological contamination of seawater.
Two coastal areas were selected for the study; an estuary (Morlaix) where mixing of sewage discharge and contaminated fresh water with seawater is complex, as demonstrated previously by use of mathematical models (26) , and a fjord (Bjugn) where the sewage discharge is rapidly mixed with seawater. In Morlaix Estuary, there was a clear impact of the sewage discharge 4 km downstream of the outlet (until sampling station 5) at high tide as well as at low tide. In this part of the estuary, bacterial numbers and enzymatic activities were both high, and the enterobacterial die-off rate has previously been shown to be low (time for 90% of bacteria to lose culturability, 9 to 10 days) because of high concentrations of soluble and particulate organic matter which increase bacterial salt tolerance and prevent light penetration and the solar bactericidal effect (22, 26) . In the outer part of the estuary (station 9), the time for 90% of bacteria to lose culturability is shorter (2 h to 2 days), and physical dilution processes efficiently reduce bacterial numbers. Dilution processes have been demonstrated to be more important than environmental factors affecting cell physiology, for numbers of culturable bacteria in the Morlaix Estuary (26) . In the Bjugn Fjord, the combination of a small amount of sewage discharge (1, 200 person equivalents) and a high degree of mixing with seawater resulted in limited impact by the discharge. The water was polluted near the sewage outlet; at distances >500 m from the outlet, high salinities were associated with low levels of FCs and enzymatic activity.
In the present work, MUGluase activity corresponding to bacterial concentrations in the order of 10 to 100 FCs/100 ml could generally be detected. The higher rate of substrate autohydrolysis in the MUGalase assay affected the detection limit, which corresponded to bacterial concentrations on the order of 100 to 1,000 FCs/100 ml.
In addition to the limit on the precision of the rapid assays mentioned above, other sources of error are also possible. Galactosidase-negative coliforms and galactosidase-positive noncoliforms, as well as glucuronidase-negative FCs and glucuronidase-positive non-FCs, may affect the enzyme assays (6, 7, 12, 16, 25 of the enzyme activity of the inducible 3-glucuronidase enzyme.
Because enzyme activities are subject to the physiological status of the bacteria, a variable fraction of the coliform bacteria may be stressed when changes in irradiation, salinity, temperature, and nutrient concentration of the environment occur (22) . Interestingly, when results from the present study are used to calculate enzymatic activity per culturable bacterium, enzyme activity seems to increase when the concentration of cells in the receiving waters decreases. The increase in enzyme activity could have been a response to environmental changes; starvation studies of bacteria have, for instance, indicated an increase in the concentration of substrate-capturing enzymes as well as induction of high-affinity uptake systems for carbon substrates during starvation (15, 18) . In our study, the apparent increase in MUGalase and MUGluase activity per culturable cell could, however, also have occurred as a result of an increase of the fraction of viable, nonculturable bacteria. Viable, nonculturable bacteria have been shown to be metabolically active, even if they cannot be detected by commonly used cultivation techniques (1, 23, 24) . Several studies have demonstrated a decrease in the relationship between culturable and viable enterobacteria during exposure to environmental stress (1, 4, 14) .
Although environmental factors (e.g., salinity, irradiation, nutrient concentration) varied at different sampling locations in the present investigation and enzyme activity per bacterial cell may have varied along with a variable fraction of culturable to viable cells, the good linear correlation between logarithms of enzyme activities and concentrations of culturable FC bacteria encourages continued use of the rapid enzyme assays for monitoring of sewage pollution in marine waters. Further investigations of how marine environments affect the MUGalase or MUGluase activity of FC bacteria would be important for a more extensive evaluation of the use of present methods for detection of culturable and viable, nonculturable coliform bacteria.
